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NOTICES

When Government drawings, specifications, or other data are used for anv purpose other
than in connection with a definitely related Governnient procurement operation, the United States
Government thereby incurs no responsibility nor any obligation whatsoever: and the fact thac the
Government may have formulated, furnished, or in any way supplied the said drawings. specifica-
tions, or other daa, is not to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveving anv rights or permission to manu-
facture, use, or sell any paterted invention that may in any was be related thercro.

The information furnished herewith 1s made available for study upon the understanding
that the Government’'s proprietary interests in and relating thereto shall not be impaired. It is de-
sired that the Judge Advocare (WC]I), Wright Air Development Center, Wright-Patterson Air

Force Base, Ohio, be promptly notified of anv apparert conflict between the Government's pro-
nrietan interests and those of others.
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FOREWORD

This report was prepared by Messrs. J. C. Hillyer and C. S. Img
of Phillips Pstroleum Company, Bartlesville, Oklahoma, undsr Contract
Fumber AF 33(038)-17201, Reesarch and Development Order Number 6K17-
12, Compounding of Zlastomers. The work was accomplished under the
general dirsction of Mr. W, B. Reynolds. Mr. W. M, Hutchinson assisted
with the synthesis work during the early part of this contract and Mr,
J. Fo Svetlik snd co-workers assisted in the evaluation of the products.
Work was initiated in January 1951, and was administered under the
dirsction of the Elastomer-Plastics Branch of the Materials Laboratory,
Wright Alr Development Center, Yright-Patterson Air Force Bese, Ohio,
with Mr, E. R. Bartholomew acting as Project Engineer until Ocztober
1951, Lt. D. L. Byerley acted 2s Project Engimser for the duration
of the contract.
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ABSTRACT

A review of prior work and available literature on plasticizers in oil-
resistart rubber for low terperature applications was made, With respect %
compatibility these date indicate that a prospective plasticizer should (1)
contadn pelar grours, (2) nave a relatively low molecular weight ~ about %00,
and (2} contain a nigh percentage of oxygen - about 71 percent or possibly

highsr.

The following mmterials were evaluated as low temparature plasticizers
for Paracril NS-20; verioue liquid polytutsdiense and the'r derivatives; the
htedlepe-furfural coirimer and severzl of its derivatives; hydroxylated hu-
tadiene derivatives; Polyethyleme Glycol derivatives; Thiokol's Z-109 alone
exd tlended with TP-9CB; substituted amides, uress and urethans, -90B
derivatives; hydroxynitriles; diallyl ssdacate arnd divinyl “erzerne as vul-
canizable softeners; seversl silicones; smeveral phosphonate ssters; several
merceptan-ethylens oxide condensates; and sorbitel. Cf ths plasticizers
tasted most were found unsuitable due either to the fallure to improve the
low temperature propsrties over those of the umplasticized stock or % the
high extractadility from the compoundsd stock by 7C/30 iscoctans.toluane
mixture. Bowever, several hydroxypolybutadienss containing about 5 to 10
percent oxygen, several ZL-109/TP-30B blerds, and N~formyl morpholins showed
some proxise and these and simllar materials should be investigated further,
slong witk the Polyethylene Glycol derivatives which show some promise &g a
group although no exceptional meterial has been found in thie zroup as yet.

Several 90/10 copolymers of 1,3-butadiens and l-cysno-l, Fbutadiene
prepared from l-cyanobutadiens conteining verying amounts of the cis- and
trans-isomers were compoundsd with 20 phr of TP-90B and with 20 phr of liquid
polybutediens and compared with samples of Paracril B and Paracril 1% which
bud been compounded similarly. The cyanctutadiens cupolymers were in genaral
superlor to the Paracrils in lcw temperature propertiss tut irnfericr to them
in oii-rssictence and other physical properties. The copolymers mads from
cis Ji;gammmdiene appeared to be the most promising of the experimental
copo re,.
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INTRODUCTION

There is & widespresd and critical need in the armed forces for a
rubter which retains its alastic properties under arctic conditions and
in sddition is cil-resistant so that it can be used in continuous service
in contact with hydrocerbon fluids. These services include such uses as
the linere for self-sealing fuel tanke, gascline hose lining, gasksts for
numerous services, and motor mountings and other machine and ordnance parts.

There sre two cbvious approaches to this problem. The first and the
one with which this contract ie chiefly concerned is the development of a
plasticizer for existing oil-resistant polymers which will impart the de-
sired properties to ths compounded stock, The second is the development
of a new, oil-resistant polymer to be used alone or with an appropriate
plasticizer. In order that a plasticizer be suitable in either existing
or nsw polymers it should not be extracted from the compounded stock on
contimwus contact with hydrocerbon fluide, it should be sufficiently non~-
volatile #o that it will not eveporate from the stock during storags, i
should exhibit high compatibility with the polymer so that it will not
bleed from the stock, and it must impart the desired low temperature
flexibility to the finished rubber, Development of a new, oil-resistant
elastomer for low temperature spplications is being sctively studied in
a number of laboratories, but this lies outeide the scope of this contract,
Howaver, soms work has been done on plasticizers for a new, oil-resistent
wpolymer of 1,3 butadiene and l-cyano-l1, 3~butadiene.

Types of plasticizers which exhibit high compatibility with scryloni-
trile-type rubber are well known and include varicus esters such as dioctyl
phthalate, sebacates and other highly oxygenated compounds, Non-exiractable
plasticizers have been developed for Gh-S polymers, most notable of these be-
ing the vulcanizable softener, liquid polybutadiene. Plasticizers that im-
part good low temperature flexibility to scrylonitrile rubbers have been
found in recent studies 1/. Among these mre dloctyl and dihexyl sebacate,
dicapryl adipate, Carbide and Carbon's Plasticizer 3GH and 3GO, and Thiokol's
TP-9CB, TP-95 and TP-98, However, no plasticizere have been found which will
confer the desired low temperature properties to cil-resistant rubbers and
yet remain non-extractable,

WADC TR 52-%0 1



Since compatibility of the plasticizer with acrylonitrile copolymers
is one of the essentinl properties, data from several rather extensive studies
on the types of plasticizer molecules which are most compatible with acryloni-
trile rubbers wers examined and carefully correlated,

To achieve non-extractatility of the plasticizer in rubbsr compounds,
an obvious approach is the use of a material which is in itself vulcanizable
and will, therefore, become an integral part of the rubber during the period
of cure, Development of such a vulcanizable plasticizer for ordinary service
in both oil-resistant and tire-type polymers has been the subject of a great
deal of research. Vulcanization consists of the establishment of cross link-
ages through sulfur or other atoms between the polymer molecules, In the
case of a vulcanizable plasticizer, the cross linking would take place be-
tween the softener and the polymer molecules. This results in an incresse
in the averasge mclecular weight of the polymer.

On the other hand it has been argued that improvement in the low tem=-
perature properties of a polymer requires a lowering ef the aversge polymer
molecular weight by the additive. The action of a plasticizer in reducing
the mumber of such cross linkages in the originsl rolymer is believed to
contribute to the lower degree of rigidity of the structure which is most
aprarent as the temperature is lowered to near the freeze point.

It might seem, and indeed this position is taken by competent in-
vestigators, that good low temperature properties and vulcanizability of
the plaeticizer are not consistent and cannot be achieved together and that
arno ther solution to the proulem of extractability of the plesticizer must
be made, In view of the rather limited knowledge concerning the action of
plasticizers, particularly at low temperatures, it was decided not to aban-
don the attack upon the problem from this angie and to maxe at least a
brief investigation of certain vulcanizsble materials whose composition
appearsd tc offer attractive possibilities,

Anpther obvious way to achieve non-extractability is by the use of a
plasticizer possessing negligldle solubility in hydrocarbon fluide and high
solubility in the polymer itself, In the case of ordinary butadiene-sty-
rene copolymers which are composed solely of hydrecarbons and thus closely
regsemvle the sxtracting solvent, the existence of such plasticizers is highly
improbable, With the acrylonitrile-butadiene copolymera, it sppears that -
such a plasticizer may exigt since this copolymer is no longer strictly a
hydrocarbon, It differs in type sufficiently to have very little coampati-
bility with hydrocarbons.

Therefore, thie problem was attacked along the following lines:
1. Various liguid butadiene polymers and their derivatives were

tested in Paracril NS-26 (Tables I and II, Appendix 2). Various sodium-
polymeriged liquid polybutadienee of different viscositiss wers tested along

WADC TR 52-80



with seversl hydroger fluoride-polymerized liquid polytmtadiene and several
vinylcyciohexers (btutediens dimer) polymsrs. Since none of these gave the
dosired properties alone they were tested in blends with commercial plasti-
cizer TF-503 axd Thiokol's liquid polysulfids Z1-109.

2., The butadisne-furfursl cotrimer, 2, 3,&,5..b1s-(A2 ~butenylens)
tetrahydrofurfurel, was tested alerg with the crude tar from which it wes
reccvered and several materisls of intermediate purity (Teble IV, Appendix
2). Ts pure cotrimer was alsc tested in blernds with TP-90B and with a
higher sulfur level. Although the pure cotrimer appeared rather interest-
ing at first 1t was discovered that, dus to its volatility, the aliguot
method of determining axtractability (this method is no longer used) gave
erroneous results and the pleeticizer was actuslly rather sxtractabls. ZBthy-
lens oxids derivatives and hydroxylated derivatives were also prepared and
evaluated,

3. Several derivatives of erythritol =nd Z-butena-l, 2-diol (products
from the hydroxylation of tutadlens) were tested (Table VI, Appendix 2) in
Parscril NS-26.

4, After preliminary screening tests on a nuzber of Polyethylene
Glycol derivatives, seversl were tested in Parseril 1S.26 (Table VII,
Appendix 2), These included a number of osters and some cyand derivatives,

5. A rather extensive investigetion of Thiokol's liquid polysulfide
Z1-108 botkh alone end blendsd with TP-903 wee made (Table IX, Apperdix 2).
Several blands were found which zppear rather promising.

6. Since dimethylformamide is an effective swelling agent for poly-
acrylonisrile, it was belleved that a plasticizer having the desired proper-
ties might be found among various materials containing the amide structurs.
Several substituted smides and ursas were therefore evalusted in Paracril
¥S-26 (Table X, Appexdix 2), Of the materials tested, one, X-formyl morpho-
line, exhibited sevarel favoratle charscteristice which makes furthser siudy
of this typve of compound appesr rather intsrasting.

7. Modifications of TP-SOB were nads whnich were expectad %o reduce the
aextractabilisy,

8., Tnsaturated nitrlles were hydroxylated ir an effort to reduce their
hydrocarbton solubility.

9, Diallyl sedacate and divinyl benzens were tested as vulcanizable
sof tenars in Parscril ¥S-26 both alone and with benzoyl peroxide or blerded
with TP-90B (Tebls ¥IV, Appendix 2).

10, A receznt patent 2/ describes the use of polymeric, non-miscidle
type plasticizers for various rubbers. In view of this, several sillconss
which possitly zight exhitit plasticizing escticn Mat which are known to be
incometible with Paracril NS-2€ were tested to determine if these materisals
would impreve the low temperature properties of this rudher.
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11, Several other materisls, iwo phosphonate esters, mercaptan-ethylere
oxide condersates, and sorbitol, were tested ir Paracril X$-26 {Tavles XVI
and XVII, Apperiix 2),

12. A recent report 3/ that a 90/1C copolymer of 1,3tutsdiene and 1-
cyano-1, 3-butadiens exhibited good low texperature properties and good oil
resistance prozpted an investigation using thls copolymer ln which the rlae-
ticizer requiremerts may be lees demsrding, This report also indicated that
the trans-isomer gave a better low texperature copolymer than either the
cis-igomer or & mixture of the cls- and trens-isomers. Several samples of
copolymers were prepared from semples containing various proportiorns of the
cls and trans-isomers {Tatle XVIII) for testing es a low temperature, oil
resistant elastomer, With 20 phr of plasticizer the cis~-isomer aprears %
§$ve 2 more promicing polymer thsn the trans-isomer (Tablee AIX-XXI Appendix

ity Y

SECTION I
METHEODS

So long ae the usual stress—etrain and other physical properties
of the rutber preduct remain within normal lizite, little attention need e
given to tre minor variations which occur within these limits, Frimary
attention was, therefore, directed toward those properties of the rubber
product which reflect its suitability for use in low temperature service
while ip contact with hyirccarbon fluids and complete physical tests were
onitted ir meny instances, The teste yielding pertinent information con-
cerning the low terperature behavior of these rubtber products are the
fre=ze point, coll compressior set, swell and extractadility, The extracta-
bvility is a direct measure of one of tnhe integral parte of the problem, In
contrast, swell in a 70/30 isococtane~tcluene solution is 2 measure of the
cozpatibility of the plasticized rubber with hydrocarbon fluiis and ¢ften
correlates with the extracta®ility of the plasticizer,

Tne freeze point inlicates the tezperature limit at which the
polymer may be expected tc te plastic ani therefore usable, The Jegree
of plasticity st a low temperaturs (-35°F,) is measured by the cold com-
pression set, for any polyrer not Irozen at the t2st texzperature gives a good
irdex to tne potential value of tnhe cozpound for varlous services, These
properties together with normal physical propesties of the rubber should re-
rain at satisfactory levels after exposurs to hydrocarvon fiulis, 1If a pros-
pective plasticizer appears goodl as a rasult of the above tests, redetermine—
tion of these properties after a sc~called cycling operaticn is I~portant since
it will indicste the behavior of the firished rubber after continucus expcsure
to hydrocarbon fluids,
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A, Tes% Procedures

The test methods employed on ths compounded samples wsre the usual
methods iz use throughout the rubber industry with a few additione. All
the tests were made in the Ribber Zvaluation laboratory located in the
Philtex Zxperiment Station, Phillips, Texas, by experienced test personmnel.
The equipment and procedures were in exsct accordance with those standardized
by ASTH Commdttee Dell,

Specifically, the tests made and the procedurcs used were as detailsd
balow:

Tensile Strength - Determined by ABTM Method D-N12-UGT at BO°F, Hot
tensiles taken at F.

Elongation - Also determined by Test Method D-L12-UgT.

Compression Set - Determined by ASTM Test Method D-395-U49T. Deflection
35 percent for ¢ bours at 212°F, plus 1 hour relaxation at 2129F. Cold com~
pression set teken at 35 percent deflection for 22 hours at -35°F, plus 0.5
hour relaxation at -35°F, This was later carried out in a earbon dioxide
atmosphere.,

Modulus - Value taken at 300 percent elongation. Test method designated
D-7972%.

Freeze Polnt - Determined by the Gehmen apparatus; Test Method D-1053-

Lgr,

Mooney Viscosity - Determinad by ASTM Test Method Dug27-49T using in
general the smell rotor at 1.5 mimutes (NS 1 1/2).

Shore Bardness - Durogstar hardness dstermined by the shore hardnsse
tBSter, B'Li;t A:E Em D-676-‘49.E|

Swell - Detorminsd on the compounded samplss by immersion in tke 70/%0
isooctane-toluene mixture for T2 hours at 157°F. The increase in volums and
weight were measured. The solvent and swollen samples wers used in sxtracticn
tast.

Extroctability was determinsd by twe methods using the solwsnt and sample
froz the swell test. 1In one method, an aliquot of the solvent was evaporated
in a watch glass on 8 hot plaie at very low heat, and the residus weighed,

In the alternate method, the swollen rubber was dried irn a vacuum oven at
110°F., The difference in weight between the dried samplse and the original
taker, for the swell test was obtainad. The lose in weight on extraction was
repbried as percent of the cozmpoundsd rubder, Only the weight msthad is now
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baing used to datermina the extrectability of the tlasticizer “ecsmse cf the
erroneons resvlts chiained in several casses Uy the aliquot method, Also,

the extractabllity test is now beirg carried ocut bty imersion of the specimen
in 70/% isococtane-toluems blend for two days at 158F. then driad shree deys
st 198°F. in accordence with standard Alr Forec procedurs.

e veluss for this report have beern converted to perts per hundred of
ruber and then to percent of tre originel amount of softener added. A
correction for the extraction of stearic acid determined on urplasticized
samples has been applied.

A TR(Temperature Jatraction) test was also employed to measture the
fresze point. In this test & 4.0 inch T-50 specimer is extended 7 percent
and immersed in a cold bath (-TO®B.) of acetons, After three minutes the
saxple ie released and allowed to warm up slowly and the temperatures corres-
ponding to0 0,1,2,5,10....90 percent retraction are determinsd., The freeze
point is determined by extirepolating the straight line portion of the tem-
perature versus retraction curve to zero retraction.

Swell in the Plasticizer - The compounds to be tested as plasticizers
were screened for competibility with the rubber products by a swell test in
order to eliminate those compounds of very limited competibility with the
rubber prodncts, Thie test gives an indication of the softening action of
the plasticizer. The procedure for this test is described below:

Circular rubber specimens 21 xmillimeters in diemeter and 2,7 milli-
mters thick were weighed first in eir end then in water., The specimen wes
then dipped in acetone, quickly blotted dry with filter peper, axi then im-
mersed in the plasticizer corteldned in e small vial, The vial was capped
and placed in s constant temperature oven maintained at 158°F, After ons
woek the vial wes removed frox the oven and allowed 0 cool for 1 minmutes,
2o rubber specimen was thsn rexoved, dipped in acetone, blotted dry, and
weighed in air and water as before. The volume chenge was calculated from
the change in the difference between the welghts in water end air, After
dippirg in acetone and drying, the speciren was returmed to its vial and
replaced in the cven, After an additional two weeks, swell was again de-~
termined. The specimen wes then placed on a plece of filter peper for
24 hovrs erd cbservations on bleeding were mads.

3. Compcunding Recipes
In gensral the following gaskst recips wae used:

PER
Elastomar 10,0
Philblack A £0.0
Zinc Oxids 5e0
Stearic Acid 1.5
Sulfnr 1.5
At 1.5
Plasticisar Variable

WAD? Fi 5240 6



The elastomer used was Paracril NS-26 except in the case of tre
butadiene-l-cyanstutadiene svaluatiorn where this slastomer was coxpared with
Faracril 18 and Parseril 3 in the sbove recipe. ¥ith 2C or more phr plasti-
cizer, the amounta of sulfur and accelerator were increassed to 2,0 and 1,75,
respectivuy. In seversl other cases, where noted, the sulfur and aceeleratsr
levels were incraased sven more. All results are for a 4% mimite cure at IC7°T,
excepl wners notied,

C. §_,_1nthotic Procsdures

Standard organic chemical precedures and apparatus were employed in
the synthetis of the plasticizers tested and in the preparation of the l-cyanos-l,
I~butadiene., Details of these preparations are given in Aprendix 1,

D, Polymerization Procedure

The 90/10 copolymer of 1,3-butadiere and l-cyano-1,3~butadiens was pre-
pared fror freshly distilled monomers using the follew‘ng recipo at 12291

PR
1,3mtadiens 9¢.0
l-cyano-1, 3-butadiens 10,0
Yater 180
CER soap B0

B Tiriavie

The mercaptan level was aijusted to obtain 2 copolymer of approximately &0
Mooney value and the polymerizatien was allewed to proceed to abeut 60 per-
cent conversion, Details of each individual polymerization are given in
Table XVIII, Appendix 2,
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SECTICN II
RESTLTS AXT DISCUSSIN

4, Correlation of Existing Data on Compatibility of Softeners with
Verious Folymers

This study revealed that plasticiszers wihich were suitsrle for
acrylonitrile copolymers differed markedly from those suitabla for less
polar rubbers, The common elastomers may be arranged in oxdsr of increas-
ing polarity starting with non-polar butyl rubber through natural rubber,
GR-S and Neoprene to the most highly polar acrylonitrile rubbder (Paracril),

Baged on compatibility alons, conveniently determined by e sizple
swelling test, the following statements summarize our conclusions from this
review:

1, The highest compatibility with Paracril is obtained with low
mlecular weight plagsticizers, The available data on several series of
sster type plasticizers including fatty acld eatere, didesic acid esters,
and long chain glycels show that the coxpatibility increases with a decrease
in molecular weight and irncreases very sharply telow a mlecular weight of
about 3O,

2, Eignly rclar plasticizers are more corpatible than less polar
or non-polar plasticizers with Paracril rutber, Thus, hydrccarbone in
general cause very little swellirg of Paracril while esters of ditasic acids
cause more swelling than esters of monobasic acids,

Since oxygen is the alement most frequently presant to give
polarity to the plasticizers, & rough correlation can be shown between the
degree of swell as a measura of corpatibility ani the oxygen content ex-
pressed as the mumber ol oxyger atoms or percent oxygen. Xor Faracril rubder,
the data show that, for plasticizere of equal nurders of carbon atous and of
sepproximately a2qual molecular weights, the sweiling action increasss wiin in-
creasing mitbers of oxygan atoms up to at least seven. Above seven oxygen atoxs
per molecule eo few compounis have teen iavestigated tra* the spparent leveling
off of the amount of swsll may not have any sigmificance.

In this correlation, ‘he oxygen atcms have 21l beer regarded as
aquivalent in producirg polarity, an otvious iradequacy. Carbonyl, hyiroxyl
arnd ester oxygens probatly contribute differently to the plasiicizirg action,
Fossibly both oxyvgens in an ester or carboxyl group anould te counted as ons:
i.s., %ne nuxber of polar groups rather thar the individual oxygen atozs should
te considsred, Those plaeticizers which are the best swelling agents for Pars-
cril rubber were all found to contain above 3T percent cxygen,

¥ADC TR 52-80
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4. Sot all polar groups are necessarily equivalent., With Parscril
it can %e shown taat a piasticiser having polar groups on ediacent carbtona ‘s
a much poorer sweiling agent than a placticiser in vhieh the polar groups are
wilely separated, The effect ls very marked in low molecular weight compounds
but becomes negligible with quits high molecular weight compounds,

S« There is evidence that tre low temperature properties of Fayacril
are lmproved (Tjo, TX, and brittle poimts lowsred) with increasing oxygen con-
tent of the plesticizer up to about 25 percent oxygen but rot above this point,
Satisfactery resulis probably can not be expected from a plasticizer which it-
self cpystallizes or gels at the test temperature; 1t may be that the more
highly oxygeaated compounds contalning siv or seven oxyzen atoma are sihjsct %3

this dafect,

B, Polybutsdiene and Polybutadiens Derivatives as Plasticisers in Parmcril
BS-%., [Tsbies I, Il and Il EKpeniix 2).

Sodium-polymerized liquid polybutadienss of various viscosities were
tested as plasticizers in Parmcril F5-2%, When comparing these plastioisers
it can be seen that in general as ths viscosity of the polybutadiens increases
the freesze point of the plasticized stock aporoaches that of the unplasticized
stock and the extractadility decressss., Little can be determined from the cold
compressior set data since the stocks were practically all frozen at the tast
temperature, ~75°F, It might sppear at first glance that a liquid polymer of
ths propsr viscosity to give the besest balance of properties might bs desirsble,
Howevor, it is believed that even if we could approach the low temperature
properties of the low viscosity material and the extractadility of the high
viscosity material, the resulting ma‘erial would still mot have sufficient
action to make it wiitablas under the desired conditions. A blenmd of TF-90B
with the low viscosity materizl gave slight improvement in the low temperature
properties but also increased the extractadbility.

Hydrogenated 1iquil polytutadiens {low viscosity) did not sppear
to luwpart low temperature propertiss superior to those imparted bty the
original polymer; however, it did sppear to increase the extractability con-
siderably, 3Blending this hydrogenated material with TP-(B zreatly improved
the low tcmporature propertios but also increasod the extiectability of the
cozpounded stock, A btlend of this material with Z1L-109 both decreased the
extractabllity and improved the low temperature properties somewhat over the
stock plasticized with hydrogenated polybutadiene alone,

The hydrogen fiucride-polymerized polyner nad mich the same effédct
va e low lewpsrature propertles as did ths sodive—polymesrizsd polymer, It
exhibited much higher exiractability, thvs meiing it inferior to the sodimm-
polymsrized polyzer. Tha vinylcyclohexene polymer (polymerized by pho spherua
pentoxids) showed o improvement in low temperaturo properties of thuy com-
pouded rubber ard wee, in sdditior, oompletely extracted, thus maxing it in-

ferior to both cof the other two types of polymers,
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Of the several hyirexypolytutsiienes evaluated in Farscril NS-26 a
fev have ahown some promise. Attezpts io duplicats these resilts thus far
bave failed. I{ should be noted in Tatle II that as the amwomnt of cxygen is
increased tha extractability is reduceld alcng with a corresponding incraase
of the froeze point while the cold compression sat razmains essentially the
sane, Thies indicates that atock containing ary of t"a hydrarypolybutaiianas al-
though they may sppesr to bte scmewhnat flexible at -25°7, are almost con:plntely
rozen after lsnger expomure ai this temperature, x-.oﬂification of the ..ydmn'poly-
tutadiane molecule by esterification or condensation with ethylsne cxide in
scveral casee reduceld the extractability but gave no izprovement im low tem—
perature properties over the unplasticized stocex., Cxidation of liguid poly-
Cmtnﬁi-ﬂ&-'wn’“ ieing malinly xetcnic oxygen - gave & produst whiich was compesadls
to bynrowpolybutadians in low tsmperature propartiez tut inferior to it in-
mfar as extractability is concernsd,

C, Butadisne-Furfural Copolymers as Flasticizers in Paracril N5~26 (Tatles
IV and V., Appendix ?7)

The pure ocatrimer, 2,3,h,5—bib@2-mterqlene) tetrshgdrofuriural,
aprearel ra-her promising since, sven thoug: it was somewkat infericr to the
control softenar TF-GCB ir regari to low temperature troperties, it was con-
sideradbly better ineofar as exiractatility was concerned, However, it vas
latsr learned that the aliguot method of determining e.xtractabi‘ity wes gliwe
irg errcneous results due to the volatility of the plasticizer itself and
that this msterial was nearly as extractable as TP-CCB, 32Blending thie plas-
ticizer with TP-9CB imparts detter low temperature properties than the ¢o-
trimer alone, tut thes extractability is too high to mexe :nis 2 suitabla
plasticizer for cil-resistant rubter,

A study of this material of various steges of purity from the crxde
tar to the pure cotrimer indicates that the freeze point of the plasticized
slock decreases with increasing purity while the c0ld compressicn set arzd ex-
tractebility remains essentially the saze for =1l the zateriale excep’ the
crile tar,

Eeduection of the pure cotrimer tc its correerording alcchol,
contrary to expectations, did not srpreciably reluce tne extractarility and
in addition did not materially affect tne low teaperatures prorerties of the
unplasticized stock, Sutsequent condensation of this alconol with etiylens
oxide 314 imprcve the extracta®ility but had little aifuct on the cold tem-
perature propertics, Hydroxylaticn of both the cotrimer iteclf and ite
correrponding aiconol ylelisd materials which were oveeontially roneextractadls
but which iid not lxprove the lov tomperature propsrtiss.
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0. & lated Potadbens Derdvaiivez an Flawialsers ia Farueri]l F8-3%
TV et o

All &f ths plasticisera of ‘=lr iype w2at wore tettsd gave pror
Lov YewpoTatATY pawpsriies awdl £ll bot the reeldudr Irem e erytaritel
praneratisc anl the ramlysatars ware alacet revmletely extractad. It shanld
be roted thal the nic{m* iyl of htemm.n.g a:u:aytmif'ity e anl e
apylicavis &5 %2e eryithritel residuss and may be giving errondous resulis,
Ths polyesters funetion well £ n-eTirecta¥ie sofismars tut an msntional
svs 35 el lopmeve the lev tacaaratur: proTersise,

» 13
=a -

—

A¢ v resalt of prsligipra~y covrwering tertd severrl Fulyeiaylens
Giyool derivaiives ware teeled in Parseril 13-2‘5 ¥na moey setsrs of Folye
sthylenr Tycel X wsra effeciive iz improvieg the lov temperairrm vroper
ties of to rubber {altheugh not az effsciive as TP-R) 'mt wer "n‘t.@ $3~
treoteblo and {m addtsion exaibited caly limited eompetidility with the alas-
teagr. AR Qiperisental tlend of two of ihese osters with Polyethylers
2lyis]l 00 wmi mde w0 edtaia & meierial oszialzing the ainiwen amvurt of
glysel to reador ths biead imgoludle in 70/ lescctane-toinsns sad te give a
aipimen freess point, %his msterial (MR16-26) wed wesuitatle dus to its (-
campatitilivy with tha Olagiomer im onzition. The hisgh extrseilion valwes ey
be ml:.i.-.ﬂd Ty oths dmcempatibilify of this blend wish wis sompowadsd stscx aad
the resliant Dlseding grve ihe errosscusr resalts. Yoe disiters testsd showed
the sexe renaTal Dropariies ex23pt the mized sdipste whier exhiidited groatsr
ceapatidility, Iatrodueilern of cyaniethyl grvwps did mt sppear o lspivvas
the low tespoarsture pressriles, extractavility or compatidilivy.
F. Blande of ZI-170C and ¥P-O0B as Plastieizers in Paracril 3526 (Tadie X,

@ntﬁx 2. .

freliminery resalte indicatsd that ZL-109, although oot a #aitarle
viesticiser itesll 2y aivantageously De used tlandad with one or mm
etrer plesticizersy; therefore, a ratrer axternsive study of tlanis of 2108
sl W08 was wrdartexen, Sinee the btlends were retaried in cure, the Sl
fur and pecelarster levels ware incresssd and a 75 mizate cure tims was umed,
Rxopiratiez of the conpressisr set data, nowsver, indicatse that increasirg
e smulfur and accelerator luvels gsers 4o lowr ratosr thar iccrease the
state of cars, 3Zlendirg wiw TI-G8 gnowsl the sane pmra; trenis us ob—:
served hefcrs, h:;:mved low teaperature poparties and ircreased utrﬁuﬂduﬂ
I is -gy._u.amu, w"v.:, Was poms olepie coEpa. e IlV'CI‘B—B.ir viw -
{p lov tespeoraturs prepartics ut are wueh Leds axtrrotable, It anouli 2lzs
e soted that in ssveral cases Letter coll compressisn set vnluu ware cbtalined




Inr a 7% mirate cure, Zven though the 1C mecond recovery values Icr tre
cold comprussicn set sre rather peer; z2pet resdings after one mimute re-
laxstion shov that recovery is rathar rapid aftar a vlow start, Tigh
loodings of 4l-109 nhad m very Zeletaricus effect on uiv iensile tirongth
and slsagstisn,

G, Amide-Type rlasticisers iz Paracril KS-Z€ (Tables X and X1, Agperdix 2)

1t sprears that n-oetyl ures doss not iprave s lov jeaperature
propertiss of Paracril 85-20 trua maxing it inferior %o tne xnitel, .08
sven theugh it (s somewhat lecs sxtractsbla, Rlerds witn TP-X2 also showed
1itgla premine,

A comperison of H8UL17, dlsthanclformaxtis, aad L8323, B-Idrayl
wrpnoling, (s rather interesting, It can be seen ‘hat tha formar is quite
incompatitle, has no effect on tha low terparature propertier and is orly
slighily extructabla, Howaver, the latier, which is atiucturally simiicr %o
the NEI3-17 in tant it is the product which would result from tne cycile
deriydration of 484%.17, awws o algn af inccwpsti®ility and appears rather
effaciivs Ir {mproving the low temmerature properties but is woevhat more
extractadle, It arould be notod that W-formyl morvholine wes sffective in
irproving the low tamperature Pparties in splte of the fact hat it melted
el 56%F, It ia believed tiat further irvestigation cf meterials similer to

S-foruyl mrpholine wuld prove quite interesting,

| Beithor 2ys-N Ki dlathanslures or M -hydroxyethylurethan appear
YW lRpreve tie lew tespersiure properiiss of Parmcril §¥5-2 very mach and

‘o edditien both wers highly sxtzactsd from the coxpounded stock,
5. ﬁ_gﬁ_ﬁtivﬁ 28 Plasticisers {n Parasril ¥5-26 (Tabtle XII.
)R

Bactisz of the hydrexzyl grewps (= -8B with m-tolyline Aty
CFaaRs Zavs & pioduct which had improved sxtractadility “ut iafs=icr lew
temperature prepertlss as wampared tu TP-508. Modificatien ty reactien
vith sicelnis andydrids gave s product which !xparted low tecpersture pro-
perties coaperable t¢ TP-O0R; tha extractability, contrary to expsctations,
waf incrsased,

f» Eriroxynitriles ae Plastisisers {z Parscril 53-25 (Table Il Agoeniix

Ny

Zrdrexylation of Arneels, nitrilss, derived from fatty acids,

Lightly improved tha law tesncratnes properties of 4he plasticissd siown,
Bovever, CORLraly te expsetations, ¢thalr axtractadility was Dsarly as high

N

as uhat of TE5GS,
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J. Vulcenizatle Plasticizers in Parscril NS-2€ {Tatle XIV, Appendix 2).

Both d4iallyl sebacate and divinyl btenzene were evaluatsd as
softeners for Paracril ¥5-26, Diallyl sebacate affectivaly reduced the
freeze point cf the rubber but 2id not greatly effect tre cold compression
set and remained highly extractabls, It is interesiing to note that treat-
ment with benzoyl peroxide had little cr no effect on the physical proper-
tles, As shown Ty the data on the extracted stock, any deneficlal effect
which this material might have had on the elastomer was coxpletely lost
after extracticn. The lower coli corpression set values may be iue to some
softening action exsrted by residual hydrocarbor from the extraction, Di-
vinyl benzens, boih alone srd tlendad with TP-G(B  waes unsatisfactory due
tc its rather slight effect on the low temperature properties of the rub-
ter even though it is appreciably less extractable than TP-F3 alone,

K, Silicones as Flasticizers in Parscril NS-2f {Table XV, Appendix 2),

Two silicones were evaluated as plasticizers for Parmacril 35-26
even though it was known they were incompatible with Paracril NS-26. As
suggested by a recent patent g/, it was telieved that they ware of high
enough molecular weight to form a stable mixiure with Paracril NS-26. As
expected these materials were virtually non-extractadle tut tney did not
appear t¢ improve the low temperature properties over those cf the un-
prasticized stock, it should be noted also thet the desired physical mix-
ture aprvarently wes not obtained.

L. Fhosphonates as FPiasticizers in Paracril NSe26 (Table XVI. Appendix 2).

Evaluatior of Aiisoctyl phenylphosphonete and dliscoctyl styryl-
phosphonate in Paracril NS-26 chowed that these substances, although some-
wnat effective in reducing the coii compression set, were almost completely
extracted fror the compounded stock,

M. Marcaptan-ithylene Oxide Cordensation Froducts Flasticizers in Paraeril
no—2b (IAb.e AVil, Appendix 2).

Plasticizere preparsd by coniernsation of tert-dodecyl merceptan with
one and with nine molee of ethylere oxide were svaluated in Paraeril NS-26 arnd
found to be unsuitable ag low temperature plasticizers since nelther signi-
ficantly improved the low temperature rroperties cver those of the unplasticized
rutber,

¥, Sorbitel as a Plasticizer in Parzcril NS-2€ (Table XVII, Agpendixz 2).

Sorbitnl was evaluated alone and blended wiih "F-OCB in Faracril
FS-26., ¥hen used alone 1 was relatively non-extracteble bul failed to im-
prove the low tempersture properties as compared with the unplasticized stock.
Blending with TP-QUB arowed the uesual sliight improverent cf cold texzperature
properties and the correspornding increase in artractability.

i
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C, /10 Butsdisno-1-Cyanebutudiens Copolymers (¥adles XVIII-IXI Aipoendix 2)

i mmber sf S0/10 dutadisne-l-cyaxcintadiera copolymers have dean
prapared from l-cym‘:mtsdimo centeinizg nryiag smoants of the cly- and
trans-isomsre, us 1o tas seall smount of slasiomers availadle for evalva~
tion the uncomnoundad Nasnay value (Mi-4) was determiaed oa cruy 3ra “emd,
$nis blezd, XBD-1 gave a vaius of 119 Ml-4; howevwr, thls vaiue {x domswul
bacaise e Moensy reter slipped in the detsrmiastion., YThe sxpiriesewal co-
polymers wore testsd with 20 por TP-9B and lijuid pelybatsdiene and compured
with Pmcnl 12 and Parseril B, The l-cymmobutadiene atpol;‘ari eio iR

ferisr t¢ ithe Paraeril coatrels Lr coxprestion set (2128F.) hydiecasten re-
-ﬂa,-nm #mn{ﬂn -?m-uﬂ'h and alangaiianm Plama mtanrs ha.d shemt aunl

h.s,r\ineu wiils tize u;nrimm eopelyuz-s w85y m;pcnar 16 tow cessrole in
‘reess pﬂu: and @cli cempresricn wei, 1% macild be seLed hal e T2
wai easantlally completely axtracted aut of all the ztoeke wiersas the ligquid
polydatadiens wae sppreciadly laes exiractsdle sut of the contmli toan fros
the experimental ccpelyeers, Of the experisental ocopelymsrs, ths ensprepared
from ¢le-l-cyans-1,3-Yautadiers :ppam more prosieing wan either the trang-
is0mT or tns :u.x'cun of ine clo- and trans-ismmers, The LR0G-loemsr Zave 2
xpolymer which gave only slighily besfer Isvw tempsrmtars propsrtiies thaz
Parzoril 1% wnile being musk less nydmeartes resiziant., Variatisz of the
cure ¢ime showed no significant treads for ths sxperimental copolysar.




SECTION III
CORCLUSIONS
Trom the foregoing results the following conclusions may be drawn:

1. All the liquid polybutadienes and derivatives which were tested
were unsuitable as low temperature plasticizers for Paracril NS-26 except
some hydroxypolybutadienes containing about 5§ to 10 parcent oxygen.

2. All the butadiene-furfural copolymers and derivatives tested
were unsuitable as low temperature plasticizers for Paracril NS-26.

3, All the hydroxylated butadiens derivatives tested were similarly
unsuitable as low temperature plasticizers.

L, All the Polyethylene Glycol derivatives tested were unsuitable
but further investigation of these types of compounds msy be warranted,

5. Several blends of Zl-109 and TP-90B showed some promise as low
temperature plasticizers for Paracril NS-26 and may warrant further inves-
tigation,

6. Of tre amide-type plasticizers tested only N-formyl morpholine
has shown promise; hc.uver, this field should certainly be investigated
further, In eddition, 1t appears thet a low freezing plasticizer is not
required to impart good low temperature properties.

7. Modification of TP-Q0B by reaction with m-telyles diisocyanate
or succinic acid did not yisld a suitable low temperature plasticiser.

8. Bydroxylated aitriles, sorbitol, wvulcanizable materials such
as diallyl sebacate, phosphonate esters, and incompatible silicones we
all found to be ineffective. .

9. The sthylene oxide condensates of tert-dodecyl mercaptan were
unsuitable as low temperature plasticizers for Faracril NS-26. However,
further investigation of ethylene oxide condensates appears desirable.

10. Esperimental 90/10 copolymers of 1,3~butsdiens and l-cyano-1,

3-butadiene prepared with l-cyano-l 3-butadiens containing varying amounts
of the cis- and trans-isomers, when piasticiul with 20 phr TP=90B or liquid

lytutadlene, were in general superior in low temperature properties to both

aracril B and Paracril 18 containing the same softensr but were inferior to
both in oil-resistance and stress-straln properties, The copolymer prepared
from ths cis-isomer gave the best low temperature polymer while the copolymer
prepared from the trans-isomer appeared only slightly better than Parseril 18.
Further investigatlon of copolymers conteining the cis- and/or the trans-iscmers
of l-cyano-l, 3-butadiene appears desirable,

WADC TR 52-80
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APFANDIX 1
SYRTEETIC METHECDS
A, Modificatisn of TP-90B

1. Reaciion with »Tolylene Diisocymnaiy

Tnto a 0 mi1liliter thres-neck flaex equipped with & stirrer,
Aropping funnel and thermometer was rvlaced 163 grams of TP-30B, TFifty-
oight grams of o-tolylsne diisccyanzte wus added dropwlse over a 40
mimite pericd., 'ha heat of reactien maintained the temperature between
120-1L0°F, The viscosity of the mixture increased rspidly; after ons
hour stirring was ro longer possible. ¥hen heanted to approximately 230°F,
a 1iquid phase separaisd which 4id rot s0lidify om cooling, This liquid
had the odor of TP-Q0B. Tns solid matsrial was recovered by Iiliration,
grund in a mrtar, dried at room temperature undar a vacum for seversl
bhours, and submitted for testing as sample KES-I.

2. With Succinic Anhydride

Inte a 500 milliliter flask which was equipped to remcve water
was charged 200 grams of TP-GCB and 14 grams (1C percent excess based on a
hyiroxyl mumber of 71) of succinic anhydride, The tempsrature was zaia-
tained at 39297, for 36 hours; howsver, no sign of reactior was noted after
12 hours, A ds¥® trown, rather viscous liguid was obtained which was sub-
mitsed for testing as sample L618-9,

B, 3Sutadiens-Turfural Cotrimer Derivatives

1. 2,3,4,5 bis-(a2-butenylens) tetranydrofurfuryl alcohol

In a 51liter three-nsck flmakx equipped with a stirrer, reflux
condenser and dropring funrel wer: mimed 500 grams of gotauium hyiroxide
and 750 milliliters of wethanol, After cooling to 130°7. a mixture of 612
grams of the butadiene-furfural condensation product, %00 =illiliters of
pethanel, and 330 milliliters of a 4O percent aqueoue formaldehyde solution
was added over & I mimute period while maintaiming the teupesrature between
115-130°F, After four hours at 1366F, stirring was stopped and one liter
of water was added, The dark btrowrn lower layer was serarated and after
stripping the methenol from the aqueous phase, it was vasred with three
L0O-xi11iliter portivas of berzers, The bengene extracts were comdined
with the produet lsyer, filtersd throngh Jalita and fractisnated tarough
a glass column paeked with stainiess-steel helices, Tre bolling range was
240-27%°T. at one millimster pressurs, This product was submitted for test-
ing as sample BF-7,
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2. Rinylene Oxide Qosdectate of the Abovs aloghsl,

A solutien of 150 grame (C.729 zoles) of the aleoksl ir 150 grass
of nebaptnne and 7.3 graxs of a 20 percent sodime fyiroxids iz nethsansl were
charged to a nelf-gallon stainless~®teel, jacreted anteclave equipped with
& #iirrer and heawed %W ZR0°F, A solutisn of L% gracs (2,91 molos) of
athylens oxide (n 12% graxs of p-heptane was ther pressured iaic the reastor
with nitrogen {z ssall portiens over a 2-hour peried at & tempsature of 738 .
25697, and a preswsure of 183 peig. The reactiion was allowed to proceed un-
t{l the pressare iropped t0 the initial valus (13 peig). The produet layer
wat saparatsd frox the hsptane layer and washed first with water and then
vith & large pertiec of venzene, Ths comdinad henzans axtracts were ithen Aried
over potasiine carbonate, filtsred und the hopeens remcved by dlstillaticn to
a fipal tempersture sf 2120F, a: ome =t1lizster presrure, This proinet was
found ‘¢ Eave &idel an average of tnres mles of ethylane oxide por mols of
alechol and was submitted for testing a2 sample BEF-§,

Cc Brdroxyniiriles
1, Eydroxylatiern of Armeel T with Performic Acid

Into a 2-liter flask fitted with a stirrer and thermosetar were
placed 278 grazs of Arnesl T0D (the nitrile derived froxall oil), 342
graxs of 2 25,8 percant hydrogern peroxide sclutinn 58,7 grams of foruic
acid, and 100 grams of water, This corresponds 0 1.5 mles of hydrogen
poroxids ver O, ® mle of formie acid per mole of doubles boxis in the
nitrils, Thie wus mintained at 1L0°F, ani stirred vigorously for 23
nours at which time the thsorstical amurt of hydrogen peroxids had been
consuzed, The product was therz axtracted with tengzene, waaned with water,
sodiam dicarbonate sclution, and aguin with water, dried cver magrmosium
rulfate and the beniene removed by dietillation to a final temporsturc ef
243%F, at one =illimater pressure, The rewulting liquid, which froze at K0T,
was submisted for testing as sample “=1Gef1,

2. HByiroxylatior cf Ameel 3T with Performic Acid

The hydroxylaticn was run in the sawe mannar 2e pbove axcept the
ratio of the reactanis wae charged to 3,0 moles ¢f nydroger percxiie and
2.0 moles of forzic acid per mole of the Arnesl, The reaction was allowd
to proceed for 23 nours at aprrximmtaly 120°F, after which time ths product
wst recovered as {n tha{pmceéing preparation, This product was submitied
for testing as saarle 21810,

3 Bthylene Cxids Condensate of Thlokol -8
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)
I
&



Into a half-gallon, stalnless-stesl, jecikated autoclave squipped wiih a
stirrer were charged 170 zrams (0.5 moles) of Thiokol IP-8, 10 grams ¢f a 2C
parcent solution of potassium hydroxids in uethenol, and grams of n-heptans.
After beating to 260°F., 176 grams (4.0 moles) of ethylsnme oxide in 17% grems
¢f n-heptans was pressured into the reactor in amail portions. The rescticn
proceeded for © hours =t 258 - 2652F, and at %2 - 90 psig. The heptans in-
soluble material was t(hen ssparated, flltered, and stripped L0 remove any re-
sidual heptane, This product, which froze at ~960F., was sabmitted for test-
irg as sample L618-7ZH.

Z. Esters of Polystlyylone Glvcole

l, Neoogsters of monobesic acids

In all cases sgquimolar quantities of the acid and glycol were placed
in a flask equipped with a2 reflux comdsussr ard a trap to collect water, 4
srell amunt of caleium hydroxids was added and the temerature was maintalned
at about 7H0°F. until there was no further sign of reaction. The acid numbers
of the resulting products ware about 2C milligrams of potassium hydroxids per
gram of sample and were undcubtedly %oo high dus to saponification durdng
titretion.

Ce Jlestere of monobasic acids

The acatate esters ware prepared by refluxing for 25 hours the glycol
with sn axcess of acetic annydride containing a smell amount of pyridinme. The
axcoess acatlic anhydride and pyridine were then removed by distillation. The
mixad eastar of lauric and acetic and Carbowax 150C was prepared by reac.ing
the monolaurate, prepared as in the foregoing preperation, with an excess of
acatic anhydride containings a smell amunt of pyridine, After ellowling thise
to reflux for 27 hours, about 75 mlliliters of water and 10C milliliters of
benzens were added, The benzene layer was then seperated and the benzems re-
moved by distillation.

2., Hevers of dibasic acids

L

The reaction wes carried osut in the same manner as in the preceding
rreparaticns sxcept that a ratio of 2 moles of glycol tc o mole of didasic
acid was used.

F. Dster-Tyos Plasticizers

Palvmthvlana 3lvenl 200 Moanahityrata
e e e e, T

Intc 2 one-liter flask equipped with a reflux condenser and a trep
to remove weter from the reflux were charged 00 grams (1.5 moles; of Poly-
ethylene Glycol 200, 1% grams (1.5 moles) of p-butyric acid and .02 greus
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of caleiur hydroxide. The reactanis were refluxed for 30 hours at 37°F.,
the water formed was removed by means of the above menticned trap. The
product wee allowed to cocl to roor temperature, Nitrogen wee budblad
thrcugh the product for the first five xminutes of the cocling process to
aid in the compiete reroval of water. This materisl was subritied for
testing as sample 4018-28,

2. 2 -Cyanoethyl Ethar of Polyethylene Glyocol 20C Momobutyrate

Into & F00-milliliter three-neck flask equipped with & dropping
funnel, stirrer and thermometer were placed 150 grans (0.75 wole} of Foly-
etqlene G;ycol 200 and 10,2 grazs (5,35 percent) of a 4C percent aguscus
potassiun hydioxide solution. Wwhile stirring vigorouely 39.% graxs (0.75

mo_e) of freshly distilled acrylonitrile was added dropwise at the rate of
% to 8 drops per mimute while ths reaction wus :nainta.inad at 85-95°F
After the addition was completed (0.5 hours), the rea,ctan 8 were st‘n‘ed
vigorously while maintairing the temperature at 90°F. The potassium hy-
droxide vas then neutralized with dilute hydrochleric acid and 66,1 grems
(0.75 mole) of m-dutyric acid wes added. A reflux condenter with a trep
to remove wa.ter wae added to the flask, and the mixture was maintained at

293°F. for 24 hours, An additicnal 19 2 grems of n-tutyric acid wee then
added, and after mintaining at 293°F, for another 48 hours, the excess
butyric acid was removed by stripping at a final preesure of spproximately
ozs millimeter for 3 hours, About 20 grams of meterial was recovered by
nhil:-ﬁ;ripping process. The product wae sidmitied for testing as sample
46

3. Esters of Dihasic Crganic Acids

In a1l case: the acid ernd alcohol in a mole ratio of 1 to 2 were
placed in a flasx eqipped with a reflux condenser arnd a irsmp to remove
water from the reflux and heated at 302-37SF, for 2U to 48 hours, A
s:nall amount of triflusroacetic anhydride wae added to the & -(Msthoxy Poly-~

lene Glycol 350) adipate resction mixture ard xylene wae added to the
di_.- Mothyl Carbitel) oxalate reaction mixture to aid in the removel ¢of water,

]

4, Mixed Esters of Divasic Ormanic Acids

In the case of both esters prepared, squimclar quentities of
aloohol and acid were heated at 255-3R0°F. for 8-17 hours in a three-neck
flasx equipped with a stirrer, thermometer, and 2 reflux condsnesr and trap
to rexove water from the reflux Ar equimolar quantity of the ae&,nd alcohol
was then added and the reaction maintained at 300-350°F, for 2 to 24 nours,
in one cass some purification wes achicved by extraction with both hydrocarbto
and water,

NAIC TR 52-8C
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5. The n-Hexyl Ether of Polyethylens Glycol 200 Mono-(ethyl carbonate).

Into a S00-rilliliter three-neck flask equipped with a stirrer,
thsrwome ter, and reflux condenser with a vent line for effuent gas wers
placed 17.4 grams of ethyl chlorocarbonate and 53.8 grems for the n-hsxyl
ether of Folyethylene Glycol 200, the preparation ¢f which is describad
below. The reaction was allowed to proceed for & hours at 212°F,

6. Tri-(butyl Carbitol) phosphate.

Intoa 500-pilliliterthree-neck flask equipped with & thermometer,
stirrer and reflux condenser fit{ted wiih a czlcium chloride drying tube and
vent lime for effluent gaswere placed 162 grams (1.0 mole) of butyl Carbitol
and 51 grams (0.33 mole? of phosphorous oxychloride, The reaction was allowed
to maintain itself at approximately 115°F, for one hour. The mixture was then
heated and maintained at 212°F. for 4 hours and finally at 302°F, for 16 hours,
The mixture was then allowed to cool in an atmosphere of carbon diexide. This
partially solid product was readily soluble in the 70/ 30 iscoctane-toluene
solvent,

G, Ether-Type Plasticizers.

1. Acrylonitrile Condensates with Folyethylene Glycols.

In both cases the glycol and about 5 percent of a 4O percent aqueous
potessium hydroride solution were placed in a three-neck flask equipped with
s stirrer, thermometer and dropping funnel. An equivalent guantity of acry-
lonitrile was added iropwise at the rate of 60 to 80 drops per minute while
maintaining the temperature at 85-G5°F, After the asddition was complete, the
mixture was maintained at about 85°F. for 6 to 20 hours after which time the
nixture was neutrslized with dilute hydrochloric acid and the product recovered
by vacuum distillation.

2. The Mono-{n-hexyl) Ether of Polyethylene Glycol 200.

Into a one-liter four-neck flask equipped with a dropping funnel,
stirrer, thermometer and a reflux condenser fitted with a calcium chloride
drying tube and vent line for effluent gas wae placed 306 grems (3.0 moles)
of n-hexyl alcohol and 5 milliliters of pyridine. Whie stirring vigorously,
157 grams (3,0 moles) of thionyl chloride was added iropwise while main-
taining the temperature at about 85°F, After the addition was complete
(4 houre), the reactants were mairtained at 120°F. for two additional hours.
The dark reaction mixture wss then filtered through Celite and washed twice
with ice water, The n-hexyl chloride was recovered by distillation (toiling
range 268-271°F, -
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Into a liter, thres-neck flask squippsed with & etirrer and vent line
for affluent gas was placed 242 grams (1.2] molss) of Polyethylene Glycol
200. While stirring vigorously, 29.2 grams (1,27 moles) of sodium was added
in small piscss, Dioxans was added to aid in dissolving the precipitated
sodium salt. Ths mixiure was ellowed to reflux for 3.5 hours, After cooling
to room temperature, 1U5 grams (1.2) moles) of n-hexyl chloride was added and
the mixture refluxed 5 hours, The mixture was then heated with activated
chareoal, filtered through Celite, stripped to remove the dioxane, washed
twice with n-heptane and stripped to remove any residual heptane. This ma~-
terial was tested as number 4518-68,

H, Acetal-Type Plasticizers.

1. Di-("Ethoxy Triglycol") Formal

Into a 500 milliliter three-neck flask equippsd with a gas inlet
tube, thermometer, stkrer, and reflux condenser fitted with e vent line
for effluent gaswereplaced 267 grams (1.5 moles) of "Ethdxy Tri€lycol"
and 22,5 grams of trioxans, The reactants were stirred vigorously and
mainteined at 258°F, for 5 hours while dried hydirogen chloride gas was
bubbled through the solution. Nitrogen was then bubbled through the
solution in place of hydrogen chloride and the reaction maintained at 285°F,
for an additional 15 hours. This maierial was tested as sample U618-75,

2, The Mixed Formal of Methoxy Polyethylene Glycol 350 and n-Hexyl
Tarbitol.

Into a liter, three-neck flask equipped with a gas inlet tube,
thermometer, stirrer, and reflux condenser fitted with a vent line for
effluent gas wereplaced 350 grams (1,0 mole) of Methoxy Polysthylene Gly-
col 350 and 30 grams (0.33 mole) of trioxane. The reaction mixture was
stirred vigorously while dried hydrogan chioride was bubtlad through the
solution for 24 hours at 75 - 85°F, After this time 190 grams (1,0 mole)
of n-hexyl Carbitol wee added and the temperature reieed to 130°F, After an
additional 8 hours aitrogen was bubbled through the solution in place of
hydrogen chloride and the resction maintained at 130°F. for en additional
18 hours, The crude resction product was then washed with heptane, dissolved in
toluene and washed with a saturated aqueous calcium chloride sclution, and the
toluene removed by stripping. This material was tested ae number 4618-80,

I, QOxidized Liquid Polybutadiene.

Iniw e three-liier, three~neck flask equipped with a stirrer, inlet
tube and reflux condenser fitted with a vent line for affluent gae were
placed 360 grams of Serial #2 liquia polybutadiene, 1520 grams of toluene,and
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H grams of 70.2 percent cumerne hydroperoxide. Oxygen was introduced slovwly,
Just zoove ths stlrring peddie and the reacticn maintained at 200°0F. for 21
rours. The addition of oxygen was then disconitlnusd, the reaction mixture
reflued for 24 hours to decompose the peroxidss and stripped to remove the
toluens., This materisl was tested zs number LE18-5E,

Jo Diethanolformemide

Ethyl formetie was added to an squimolar quantiiy of dlethanolamine and
allowed to stand about 16 hours at room temperamture. The reection wae
exothermic at first. The reactants were than heated until the reflux vepor
reackad 170°F, at which time sthyl alcohol was removed by distillation. Ths
product was irsolaoble in TO/;Q isooctane-tcluens and froze at -c6°F. It was
submitted for evaluation as UsLz17.

K, Preparation cf &-Bydroxyetinylurethan

Ethyl chloroformate (248 grams) wes added dropwlse with continuous
stirring to o mixture of 280 grems of sthanolemine and 400 mil1iliters of
absolute ether at the rate of about LO-Y5 drops per minute while control-
ling the temperature at 25 to UCSF, After the addition was complste the
mixture was allowed to stand for about 16 hours, The ethenolamine hydro-
chioride formed was removed by filtrztion and the filter coke was washed
with two 100-milliliter porticns of ether. The ether washings were combined
with the filtrate and the ether removed by distillation, The resicdue was
then distilled under vacuum and the material boiling at 215.6-217.4eF, at 1
millimeter pressure was collected. A yleld of 253,95 grams of liquid which
froze at ~76°F. and was insoludle in 7C/% isocontanetoluene was cbtainsd.
This material wes submitted for testing as sampls 4gh3-21.

L. Preperation of Sym-N,N' - Diethanclurea

One mole {128 grams) of -hydroxyethylurethan was mixed with 1 mols
(61 grams) of ethansclamima, heated at 212°F. for 2 hours and distilled.
e crude wmmterisl was distilled and the producet fraction was redistillcd,
The meterisl bolling at 248 to 25%°F, at one millimeter pressure was col-
l_ggteda The product, azmounting to &2 grams, wes a liquid which froze at

M. Preparation of N-Formyl Morpholine

Zthyl formate (1.5 moles) was mixed with 1.5 moles of morpholine and
reflurad pntil the refinx temeraturs reachad 175°F. The mixture wams then
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distilled and the pertiern boiling at 437-455°F. was collected, 4 yield of
110 grams of zaterial which melted at 55°T. apd was insoludle in 70/30 iso-
ecctans—tsluene was ottained, Thie matorial waes submitied for testing as
sasple LELI-25,

1. 1-Crano-1 »Butadiers

Mo l-cymro-1,butediene was prepared by the pyrolysis of crotoral-
dshyde eayanchydrin bentsats whieh had Tesn previcusly prepared {iom crentonsl-
dekyde. Denzeyl chlaride snd sodium cyaniis W/,

Into o 22-gz211s2 glase-linsd lackeled res
cacher-type stirrer, theraowsll, inlst and vent 11 d
of technienl grade bensens, 2 galloas of reageat toluene, 23,5 pounds
(0,162 molss) sf tochmical areds tsussyl chloride snd 11,5 (0.168
mles) of technieal greds cretonsldehyds, The mixture wes ther stirred and
cooled o L4%P, Sy circulating cold mceters tareugh the rescter Jjacket,

A goletien of 11,0 pounds of Dupont Cyanegg (equivalest to 0,215
mles of scdium cyanids) ip 56,1 peunde of water was then aided &t such a
rate that the temperature mould be meintained at about 149F, This addition
required reximstsly 2 nours during whien time the terperature varied from
139F, to 189F, Btirring was contipued for another 1.5 hours and the mixture
allewsd te 2ettla., The zixture was then stirred and allowed to tsttle inter-
mittently until se9a tomperature was reached, The light ysllow, clear, aqusous
pkase was then witbdrawn and the product phase wae washed twice with 2,8 pound
portisns ¢f 5 percant sodiue carlorate solutisn, The deep red product layer
wae then withdrswm drisd over I pounds cf anhydrous megnssinn sulpaste for
gboat 15 bours, filtered, and distilled under a vacmm to remove the benzens
and teluene, Distillation of the crude produ:ct under reduced pressure gxve
25.5 peunds (75.5 parcemt of thacreiieal; »f crotanaliehyds cyanohydrin ben-
x0ats, a light yellew liguid boil% at 125-1%ReC, at 1 to 4 zillimsters
sresmiw, Tow relmmeiive index (g} mesmeured 1.5222 compurwd W a literm-
ture valme of 1,F22X0 . The crotonaldenyde cyamonydrin bersoate, to whieh
a =all samount of picric acid was added, was pyrolyzed in a one-inch stain-
lsss oteel tude N-feet long end pacred with 0,25-inch ceramic Berl sa2ddles,
After Ilorhing the pyrelysis tube with nitrogen, the ester was chargsd
thriogh & saell Miltsm-Boy pusp st the rate of 22 milililiters per mimte
w2ile the tempersture inside of the pyrelysis tube was meirtained at 1015-111%5°F,
Tae pyrolysats wes cellected in a H-liter, reurd bottom flask squipped with
s B-fant aiy somdenaer The prrolyeis tnhe tends to clog after the prrolyala
of about § to 10 pounds of the ester; however, it was found that the tube asy
viry corveniently and repidly be Turned oul with air at any apprropriate ties,

]
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The crude l-cyano-l,%=buta..cns was then removed from the pyrolysate by
vacuun distillation. A temperature of 165°F. 2nd at least 24 hours ap-
penred sufficient to recover most of the desiisd product from the banzoie
acid formed. Fieric acld was addsd both o pyrolysis and distillation
recaivers to inhibit nolymerization. A ylsld of 1240 zrams (62.2 percent
of the theoretical) of alwost colorless liquid was obtained. The wyroly-
sate ani the recovered cyanobut: 1iens were stored at dry-ice temperature
vhile waiting further purification.

Senaration of the cis and trans-isomers of the l-cymno-1, 3-
butadiens was attempted by fractionetion through = 1 inch by 36 inch Pod-
bielniak colum at 3.5 mdllimsters pressure and a reflux ratio of 30 o 1.
Relatively pure cis-isomer was obtalned, but a purity of only about 75
percent was obtainsd for the trans-isomer. It .5 believed that due to
the apparently high pressure drop across the colum and the long residence
time in the pot that most of the trens-isomer had polymerized. The follow
ing samples were used for copolymerization:

Sampls Wo. % Cis- % Trans- Totel
Lghe-17-1 8.0 1,0 .0

4gho 172 30.6 3%.8 287.14
hgho17-3 734 76.7 110.1

The concentration of cis and trans-isomers was dstermined by infrared
analysis using samles of th2 pure isomers obtalmed from H. R. Spyder
at the Univercity of Illinois.
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APPENDIX 1I
TABIE 1

EVALUATION OF VARIOUS POILYBUTADIENES AS PIASTICIZERS IN PARACHIL NS-26

% 4 Cold Comp. Set
FHR Plasticizer % T-R Relaxed Helaxed
Plasticizer Plasticizer Extracted Swell FP °C 10 sec 30 min Remarks

1~1 10 62,4 42,0 -32%° _ 95.93
I~1 20 65,0 43,6 =368 95,32

1/Tp-90B 10/5 694 39,3 =398,0 - 87,28
4135-92 10 58,8 46,7 =338 - 96,48
4135-92 20 50445 48.8 =348sD 97.78
5,135-92/TP=90B 10/5 66.0 L2, =388, _ 89.18
Serial #5 10 15,7 56,1 =31 - 96.4%
serial #5 30 35.3 73,0 =28 - 97,28
Serial #5 30¢ 16.3 57y =26 - 97,12
TP-90B 10 75.1 33,6 ~-413:P o 76,88
TP-G0B 10 86.0 33,3 3880 - 75,08
TP-90B 20 76.6 25.9 -47%0 - L6683
TP-SOB 0 78.6 18.9 =45 - 31.78
hlBS.% 10 72.6 ‘;9-7 "30 96-8 9605
4,135-92/TP-90B 10/10 76.6 36.8 =39 95,6  Tl.6
4135~92/21~109 10/10 56,6 39.5 =35 96.8 94,7
h135“92 20 69-1 49-1 ’32 97;0 9655
4135-92/TP-90B 20/10 73.8 1.6 =40 94,7  7l.1l
4135-92/21~109 20/10 63,0 42,8 =35 96.8 93,3
4135=-92 30 77.1 55,2 =32 96.8 96,3 Bled
Ser #5/2L~-109 10/10 37.6 50,2 =133 - -
Z1~109 10 32,8 Ll.6 =33 97,0 95.6
ZL-109 20 180‘4 35-‘0 - 9503 9208
Z1~109 30 12.9 33,2 - 93.9 88.1
TP-90B 10 7 38.8 =38 96.6 86,1
TP-%B 20 88-1 26.3 -165 87016 LSQO
TP-S0B 30 82,5 21.2 -50 5.4 30.9

— - - 48.6 =29 97.1 97.0

1iq. PBD, 768 Vis. 10 34,0 59,9 =29 97.5 97.2 Slick
Lig. PBD, 768 Vis, 30 58,7 62.4 =29 97.5 97.2 Bled very badly
Liq. PBD, 1037 Vis. 10 29 60.5 =29 98.0 97-5 Slick
Lig. PBD, 1037 Vis, 30 29.3 79.4 =31 97.6  97.1 Bled very badly
TP-90B 10 94 36.4 =36 95.2  18.6
TP"gOB 30 7‘-&-2 23-3 -Iié 711'02 32.8

- - - 1-63.8 -29 97 L] 3 97.2

a) 30 minute cure

bg Gehman FPeC

¢) 5 phr sulfur

of
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TABLE II

EVALUATION OF POLYBUTADIENE DERIVATIVES AS
PIASTICIZERS IN PARACRIL NS-26

% & _Cold Comp, Set
PHR Plasticizer ¢ FP °C  Relaxed Relaxed
Plassticizer Plasticizer Extracted Swell (Gehman) 10 sec_ 30 min Remarks
HB~-21 10 23.3* 18.8 -39 - 97.0 10 per cent oxygen
HB"’ZL 10 900* [b902 "1&0 - 98:8
HB~34A 10 28,7 50s2 =41 - 970 6.5 per cent oxygen
HB-43 10 18.0% 47.0 =30 - 99.1 20,3 psr cent oxygen
BB“M& lO 1907* l&?-o ""31 - 99 L) 1
HB-51 10 0,0% L4542 =30 - - 22,0 per cent oxygen
HB-58 10 21, 5% 4943 ~30 - 9602 6.5 per cent oxygen
HB-61 10 Salytt L6 -30 - 96,6
HB"'63 10 19 . 7* 168.8 "'29 - 97 00
HB=-67 10 19.7% 45.1 =31 - 9.8
HB-71H 10 28,74 52¢5 -32 - 98.5
HB-84, 16 21 5% 45,7 -~31 - 98,2
HB~ 86 10 23.3% 4963 =31.5 - - 7.1 per cent oxygen
HB=93 10 1.8% 5L5.2 =31 - - 19.5 per cent oxygen
Liq. PBD 10 19,7% 61.9 -4y - -
(T—R)
HB=121 10 42,0 56.3 =30 98,2 97.8 2 per cent oxygen
HB—le 30 3830 714-9 -30 9707 97.6
HF-PBDY 10 76.0 42,5 =29 97.7 Tehs
HF-PBD; 30 76,0 37.7 =29 98,0 97.7
HF-PBD2 10 64,0 4745 =29 97.8 97.5
HF’PBDz 30 6103 1&8.2 -29 W‘B 9796
4669=49-B 10 98.0 41.8 =29 97.2 97.0
4669-49-B 30 100,0 19.5 =29 97h 97.2 Bled slightly
4,669=49-C 10 123 38.6 -28 97.7 97.3
TP"%B 30 80-7 22-3 "‘48 7298 30016
— - - 48.4 =29 97.1 96.8
L618-58 10 L7.5 51.8 =32 §7.1. 96,8 9.2 per cent oxygen
4618-58 30 36,6 645 =32 g1.2 96,8
TP-9OB 10 9205 3898 -L;Z 93-5 75.7
TP=30B 30 82.5 225 ~4b 71.9 29,0

*Aliquot Method
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Code No,

-1
4135-92
Serial #5

Liq; PBD’

Lig. PBD, 1037

HB-21
HB=24

HE~ 344
HB=~4L3
HB-~ldy
HB=51
HB~-58
HB~61
HB-63
HB-67
HB-71H
HB-81,
HB-86
HB-93
HB~121
HF=-P
HF-PB
We65-13-5
4669~149~C
1618-58
ZL~109
TP-90B

«ADC TR 52-80
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TABLE III

DESCRIPTION OF POLYBUTADISNE AND
POLYBUTADIENE DERIVATIVES

Description

Sodium-polymerized liquid polybutadiens precipitated to give
& low viscosity fraction (30 Saybolt Furcl seconds viscosity).
Hydrogenated low viscoaity liquid polybutadiene corresponding
to L~1 (15.9 per cent unaaturationg).

Sodium-polymerized llquid polybutedisne (460 Saybolt Furol
seconds viscosity).

Sodium-polymerized liquid polybutadiene (768 Saybolit Furol
seconde viscosity).
Sudium~polymerized iiguid polybu
seeonds viscosity).
Hydroxypolybut adiens (10 per cont oxygen),
Hydroxypclybutadiens,

Hydroxypolybutadiene §6.5 per cent oxygen).
Hydroxypelybutadiens (20,3 per cent, oxygen).

Acetylated hydroxypolybutadiens,

Hydroxypolybutadisne (22.0 per cent oxygen).,

Oxidized polybutadiene (6.5 per cent oxygsn).

Phosphate sster of hydroxypolybutadiene and butanol.

Oleate of hydraxypolybutadiens,

Hydroxypolybutadiene condensed with ethylene oxids,
Hydrogenated, air-oxidized polybutadisne.

Pormate of hydroxypolybutadiene,

Hydroxypolybutadiene (7.1 per cent oxyge.).

Hydroxypolybut adi ene 219.5 per cent o:w?en).
Hydroxypolybutadiene (2 per cent oxygen),

Hydrogen fluoride-polymerized liquid polybutadiene,

Same as HF-PBDy except different purificatica procedurs,
V¥inyleyclohexene (butadiene dimer) polymer-cverhead product.
Vinylcyclohexene polymer - pot residue,

Oxidized Serial #8 liquid polybutadiene (5.2 per cent oxygen).
A Thiokol liquid polysulfide.

Di-(butyl Carbitol) formal,
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EVALUATION O]

TABIE IV

AS PIAS]

PHR
Plasticiger Plasticizer
BP-1 10
BF-1 30
. BF=2 10
- BF=1 10
- BF-1 b
. BF-3 10
BF-3 b
_BP-4 10
"BF-4 0P
i BF-§ 10
BF-5 2P
BP-1/TP-90B 10/5
BP-1/TP-90B 10/10
. BF=1/TP=90B 10/15
BF=1 0
BF-1 20
BP-1 20
BF-1 30d
BP-7 10
BF-7 20
BF-8 10
BF-8 20
HBP-1 10
HBP~1 20
HBF-2 20
TP-$0B 10
TP-90B 10
TP-90B 20
TP-90B 3

8) Qehman Fp Og

b) 2.0 phr Altax
¢) 30 minute cure
d) 5.0 phr sulfur

A5G TR 52-R0

4

Plasticizer
Extracted

5542
75.1
377
102,5
a7.8
91.6
8l.3
88.1
83.8
89.6
79.0
7440
85.5
82.1

81,0
81,8
81.2
73.9
81,0
76.6
60.6
70.0

0.0

5.0

2,5
75.1
86,0
76.6
78.6

2

F 3
Swell

37.8
21.8
L1.6
3ho?
1%.8
a5
20,4
35.1
20.1
34.9
21.2
32.7
B4b
21.8

26,8
26.9

o
VWOWord-IN o

*
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F BUT%DIENE—FURFUEAL COPOLYMERS
[ICIZ IN PARACRIL NS-2



Code No.

TABLE V

DESCRIPTICN OF BUTADIENE-FURFURAL COPCITMERS

Dascription

-~

a7 T SRR
AN, ok e

BF-1 Purified 2,3,4,5~bis-(4%-butenylene) tetrahydrofurfural,
BF-2 Crude tar from butadlene plant containing approximately

15 per cent BF-1 and other condensation products,
BF-3 Overhead from partial stripping of crude tar with 4OO F

steanm.
BF-i4 Overhead fram stripping BF-5 again with LOO F steam.
BF-5 Overhead from complete stripping of crude tar with 400 F

steam using vasuum during the final stages.
BF-T 2,3,4,5-bis {A<-butsnylens) tetrahydrofurfuryl alcchol,
BF-8 Product from the condensation of ethylene oxids with

BF-7 in a mol ratio of 4 to 1,
HBF-1 Hydroxylated and polymerized BF-1,
HEF-2 Hydroxylated BF-7.

TABLE VI
EVAIUATION OF HYDROXYIATED BUTADIENE
DERIVATIVES AS PIASTICIZERS IN PARACRIL NS-26
£ Cold
F 4l Comp. Set
: PHR Plasticizer Z Gehman Relaxed
Plasticizer  Plasticizer Extracted Swell FP_° 30 min
HB-53E 10 0.0 bhoz -30.5 9898
HB=54LE 10 T1le8 2342 =34 96,2
ED-1 10 10.8 46,2 ~30 99.1
ED‘Z lO 9105 3805 "32 9901
ESD=-1 10 970 8.6 -32 100,0
ESD-2 10 8443 3%9.5 -32 994
ED—3 lO 53.2 1+0.9 "32 98-5
ED-4 10 0.0 45.9 -31 98,5
ED=-5 10 9.0 45.9 =32 9845
#Aliquot method

HB-53E: Residues from erythritel preparation
HB-54E: Erythritol tetrabutyrate
ED=1: Polyester of erythran and sebacic acid
ED=2: Erythritol laurate
ESD-1: Pentaerythritol laurate
ESD~-2: Glycerol laurate
BD-3: Erythritol tartrate (s cyclohexancne)
ED-4: Polyester of 3-butene-l,2-diol and succinic aclid
ED-5: Polyester of 3-butene-1,2-diol and adipic acid

o



TABLE VII

4

PHR Plasticizer % T-R

Plasticizer Plasticizer Extracted Swell Fp ©C
L419-77 10 7540 3heds =35
L4 19-T77 30 76,6 20,2 =40
4618-19 10 6L.3 35.3 =37
4,618-~19 30 68.6 22,6 -38
L618=26 10 Tl.4 34.9 =35
L618-26 30 67,0 2.4 =35
4518-25 10 30,0 40,0 =30
4E£18~25 30 34.0 33.2 -28
TP-$0B 10 86,0 33.3 -38
TP~-90B 30 78.6 18.9 =45
461828 10 Q0.5 36,2 -38
4618-28 30 80.7 23.1 -39
4,618-49 10 90.5 35.8 -38
L618-149 30 66.7 26,6 40
4618-70 10 The5 38.5 =34
4618-70 30 68,7 24.3 -38
TP-90B 10 9245 38.8 =42
TP=-90B 30 82.5 22.5 =46
4618-T1-2 10 68 39.5p0 <31
4618-71-2 30 8445 26°3§; -31
TP-~90B 30 82.5 21.2 «50
ememes - - l!‘snbb -29

a) 30 minute cure,

EVALUATION OF POLYETHYLENE GLYCOL DERIVATIVES
AS PIASTICIZERS IN PARACRIL NS-2

i Cold Comp. Set
Relaxed Relaxed

1C sec 30 min  Remarks

- 92,48

- 38028 Bled
- 95 .58

- 94.5% Bled
- 95.4% Bled
= 81978' Blsd
- 97.1& Blad
- 96.8 Bled
- 75003

- 31.7&

96.8 90.9

92.9 48.0 Bled
96. 89.2

G5.1 65.2 Bled
96.3 95.0

96.1 85.5

93.5 75.7

71.9 29,0

97.1¢ 96.7¢

96,5¢ 96.2¢ Bled
95,6¢ 86.1¢

75e4° 30.9¢

97.1¢ 97.0¢

b) Two days in 70/30 isooctane-toluene at 158 F then dried 3 days at 150 F.
¢) In carbon dioxide atmosphere.

Sa T T

[V S OR

R 5

Da 2N

P




TABIE VIII
DESCRIPTION OF POLYETHYLENE GLYCOL DERIVATIVES

Cods No. Dsscription

44L19-77 Product from the reaction of squimeclar quantities of 'olysethylene
Glycol 200 and caprylic acid.

4618-19% Product from the reaction of equimolar quantities of Polyethylene
Glycol 400 and caprylic acid.

L618-26 Blend containing 42 per cent Polysthylsne Glycol 200, 24 per cent
4419~77 and 29 per cent 4618-19,.

L618~25 Product from the reaction of Polyethylene Glycol 200 with sebacic
aclid in a mol ratio of 2 to 1,

4618-28 Folyethylene ~Glycol 200 monobutyrate,

4,618=-49 The (3-cyanoethyl ether of Polyethylene Glycol 200 monobutyrate,

4618-70 Mixed adipate of butyl Carbitol and Polyethylene Glycol 200.

4618-71-2 The di(p-cyanoethyl) sther of Polyethylene Glycol 200,

WADT TR 5c-580
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TABLE X

EVALUATION OF AMIDE-TYPE PLASTICIZERS IN PARACRIL NS-26

y 4 _£ Cold Comp, Set
PHR Plasticizer z T-R  Relaxed Relaxed

Plasticizer Plagticizer Extracted Swell  FP ©C 10 sec 30 min
K-8U/TP-90B 5/5 63 37.1 -38 96.6 95,1
4-8U/TP-90B 5/10 71,5 32,0 -42 95.8 80,6
N~8U/TP~90B 10/10 72.6 27.7 =37 95.4 87.4
.i-SU lO 58:3 3959 -314 9509 95914
N=8Y 20 67,2 1.8 =27 95.8 95,1
¥-8U/TP-90B 20/10 73,8 24,0 =37 95.7 90,2
§=8U 30 72,5 28.7 =29 96.14, 9.2
TP-90B 30 gl.1 22.1 -50 72.8 29.9

- - - l&? 92 -30 9669 96.7
K8L3-17 10 18 73.9% =29 97,1b 96,9° Blad
L843=17 30 15,3 L1.3@  -28 97,20 97,10 Bled badly
TP-90B 10 94 36,42 =36 95,20 78,62
TP-90B 30 M7 23.3%  -46 The2 37,.8P

—_— - - 43,88 =29 97.3P 97,2
LB 4325 10 558 40,78 -38 96,7° 88,6°
4B 43-25 30 5438 378 45 89,8P 38.6P
LB 43-23 10 628 kl.18 =33 96.,8P 95,40
§B43-23 30 83,78 26,18 -3y 97.8b 97.,2° Bled
TP-90B 10 gg8 36,08 =40 95,8° 78,70
TP-90B 30 79,08 20,58 =51 78.0P 3L.4P

- o= - . - hbeBG -29 97- lb Wclb
4843-21 10 g18 4058 ¢ 97.7° 97.4°
4843-21 30 86,08 27.6  ~¢ 97 ok2 97.2P
TP-90B 10 968 3748 - 95,6 754502
TP-S0B 20 84,08 19,88 ~c 70,10 29,5P

——— - - 47,38 «c 96,9 96,8b

a) Two days in 70/30 isooctane-toluene at 158 F then dried 3 days at 150 F.
b) In carbon dioxide atmosphere,
¢) Freeze points are not yet available,

Wiy TE 52-20 ™



TABLE XI

DESCRIPTION OF AMIDE-TYPE PLASTICIZERS

Code No, Description

N-8U n-Octyl urea

4843=-17 Diethanolformamide

LBL3=25 N-formyl morpholine

48143=-23 Sym-N,N'-diethanolurea

L84L3=21 {3 -hydroxyethylurethan
TABLE XII

EVALUATION OF TP-9QOB DERIVATIVES AS PIASTICIZERS
IN PARACRIL Ns-26

£ Cold
4 Comp. Set

PHR Plasticizer 4 Fp °C Relaxed

Plasticizer Plasticizer Extracted Swell T-R Gehman 30 min
NES-1 10 40.8 37.3 - -372 93.3
NES'l 20 l&loo I-) 06 - "L&Oa 78 . [4»
4618-9 30 83.3 17.3 ) -51 31.9
TP-90B 10 75.1 33.6 - -4 18 76.8
TP-?OB 10 86.0 33- "38 -112 7590
TP-90B 20 76,6 25,9 - -478 L6.6
TP-90B 30 78.6 18,9 =45 =55 31.7

a) 30 minute cure

NES-l: Product from the reaction of TP-GOB with m-tolylene diisocyanate,
4618-9: Product fram the reaction of TP-90B with succinic aniydride,

WG TE T7. 70
35



TABLE XIII

EVALUATION OF HYDROXYNITRILES AS PLASTIC IZERS
IN PARACRIL N3.-26

Z

PHR Plasticizer
Plasticizer Plasticizar Extracted
L4419=-81 10 79.0
4419-81 30 Theb
4618-10 10 79.0
TP-90B 10 86.0
2) 30 minute cure
4419-81: Hydroxylated Arneel TOD
L618-10: Hydroxylated Arneel SD

TABLE XIV

Sweil

b€
20,7
3heb
20.8
33,3
18.9

EVALUATION OF VULCANIZABLE PLASTICIZERS IN PARACRIL NS-26

y 4
PHR Plasticizser
Plasticizer Plasticizer Extracted
DAS 10 73.2
DAS 30 83.3
DAS 308 83.3
DAS 300 81,7
DASC 10 66.5
DASC 30 21.3
DASS 308 22.1
DASS 30b -
DVB 5 23.4
DVB/TP-90B 5/5 56,5
DVB 10 34.8
DVB/TP-90B 10/10 59.6
DVB 20 22
TP=-9CB 10 98
TP-90B p el,l

a) One part benzoyl peroxide added,
b) One part benzoyl peroxide added, then treated 8 hrs, at 120 F and 2 hrs. at 212 P,

¢} Extracted stock,

DAS:
INB:

Diallyl sebacate
Divinyl benzens

vase TE £2-2C

4 TR
Swell Fp_%
3508 —I.O
1809 -hg
18.1 =51
16.8 -47
h0.6 '32
h2.3 -31
Llol -30
lb5|8 -28
‘66-5 -3)
L2.1 =35
1&‘-}.8 "36
32.1 "140
41,3 =36
3602 -38
2k -50
147.2 -30

£ Cold®
Comp, Set
Relaxsd
30 min
95 .4
91,2
9.6
92.7
75.0
31.7
" Cold Comp, Set
Relaxed Relaxed
10 sec 30 min
- 80.9
- 96,2
- 9607
- 96,6
- 88.3
- 82.4
- 83.0
574 96,9
96.9 91.3
974 96.1
94.8 7.5
96,4 Q2.8
96,4 79.7
72,8 29.9
96,9 96.7



TABLE XV

EVALUATION OF SILICONES AS PIASTICIZERS IN PARACRIL NS=26

;4 % Cold Comp, SetP
PHR Plasticizer %8 T-R Relaxed Relaxed
Plasticigzer Plasticizer _Extracted Swell FP °C 10 sec 130 min Remarks
m9‘3‘¢‘l lO Ooo 66.9 -28 9708 9705 Bled
4209-316"1 30 6:7 850& -25 9707 9705 Bled badly
L239-31+-2 lO 600 6391& -27 97.8 9706 SliCk
4209-34-2 30 22.7 70,3 =26 97.3 97.2 Bled
TP"%B 10 910 36 o‘b ‘36 95 2 78- 6
TP-90B 30 767 23,3 =46 The2 37.8
- - - 16308 -29 9703 97-2

a) Two days in 70/30 isooctane-tolusns at 158 F then dried 3 days at 158 F,
b) In carbon diaxide atmosphere,

4209-34-1: Experimental silicone plasticizer (Dos-Corning stopcock grease),
4209-34~2: Experimental silicone plasticizer (Dow~Corning anti-foam A).

TABLE XVI

EVALUATION OF PHOSPHONATES AS PIASTICIZERS IN PARACRIL NS=26

ga £ Cold Comp, SetP
PHR Plasticizer %8 Relaxed Relaxed

Plasticizer Plasticizer Extracted Swell 10 sesec 0 min
4209-35-1 10 9% 37.6 96,8 95.9
16209-35-1 30 9600 1809 95 014 67 02
4,209-35=2 10 92 38,0 97.1 96424
L209-35=-2 30 93.4 19.0 96.8 85.1
TP-S0B 10 96 37.4 95.6 755
TP-90B 30 84.0 19.8 T0edy 29.5
— - - L7.3 96.9 96.8

Note: Freoze pointa not yet availabls,

a) Two days in 70/30 isooctane-toluene at 158 F then dried 3 days at 158 F.
b) In carbon dioxide atmosphere.

4209=-35~1: Diisooctyl phenylphosphonate.
4209-35-2: Diisooctyl styrylphosphonate,




TABLE XV1I

EVALUATION OF MISCELIANEOUS PIASTICIZERS IN PARACRIL NS=26

4 Cold Co
FHR Plasticizer 4 T-R Relaxed

Plasticiger Plasticizer Extracted  Swell FP 9C 10 sec
AP-65 10 52,18 39,0 -32P -
AP-i 10 - 38.6 -23b -
Sorbitecl 5 1644 L4, .8 -27 95.9
Sorbitel 10 14,9 L6.2 -28 96.56
Sorbaitol/TP~90B 10/10 47 36.9 =35 96,3
Sorbitol/TP-90B 30/10 3043 31.5 =35 96,6
Sorbit ol 30 12 oly 380 7 -27 97 . 1
TP~90B 10 98 36,2 =38 9645
TP=-90B 30 81,1 22.1 -50 72,8
- - - h702 "” %09

2) Aliquot method
®) Gehman FPOC

AP=65:
AP=M:

TABLE XVIII

Mercaptan-ethylene oxide (9 moles)
Mercaptan-ethylene oxide (1 mol)

Set
Relaxed

X min

97.7
.2

95.3

POLYMERIZATION DETAILS OF 90/10 BUTADIENE/CIS~1-CYANOBUTADIENE COPOLYMERS

1-Cyanobutadiense Polym.
Composition Parts Time y 4
Sampls  F Cls % Trans Total § _LIM_ Hrs, Conv,
b936-2"°1 98.0 100 99.0 00355 ll bO.l
L936=6~1 ¢8.0 1.0 99. Oul5 10,5 63.9
lb936‘6-2 70 96 3608 107916 00160 11.75 5692
L,33b=b=3 33.4 76.7 110.1 .40 2245 62,0
4936=8-1 70,6 36,8 107.4 0.75 11,5 ble3
L936“10°l 33'l§ 7607 llOGl. 0070 16 62.6
4936~10-2 33.4 76.7 110,1 Q.70 16 §B,5
4L936~-11-1 98,0 1.0 99.0 0,70 10 8.4
4L936--11-2 98,0 1.0 99.0 0.70 11 62473
L9%-11~-3 70,6 36,8 1074 Q.70 11 634
L936~11~4 70,6 3.8 1074 0.70 11 62.4
iy Lk S:L "

we.
Polymer

gms)

130
150
30
30
165
130
67
116
L6
81
20

Mconey

ML~

125
108
95
101
75
59
58
81
70

55
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